H 2 SO 4 in H 2 O) etch for 2 h, followed by rinsing with Milli-Q water. Subse-8 quently, we placed the glassware in Milli-Q water in a supersonic bath for at 9 least 5 min three times (after each cycle fresh Milli-Q was added). After the 10 cleaning cycles the glassware was rinsed thoroughly a final time with Milli-Q wa-11 ter. The CaF 2 window and O-rings that contacted electrolyte were first cleaned 12 by immersion in acetone p.a. (AppliChem) and placed inside a supersonic bath 13 for 5 min and then treated like the glassware: with supersonic baths and rinsing 14 in Milli-Q. Solutions were prepared from Suprapur sulfuric acid (Merck) and 15 Milli-Q water. The Pt(111) working electrode (5 mm diameter, 3 mm thick, 16 MaTeck) was flame annealed in a butane air flame, cooled in a water saturated 17 N 2 atmosphere, quenched in and covered with a droplet of Milli-Q water (after 18 all 5 annealing steps) that was deaerated for 45 min. Quenching water and 19 electrolyte were deaerated with N 2 evaporated from liquid. Curved surface of 20 the WE was wrapped in Teflon after flame annealing and transferred to the cell 21 after the Teflon wrapping was rinsed thoroughly with Milli-Q water. A home-22 built reversible hydrogen electrode (RHE), a Pt wire in deaerated and H 2 (D 2 ) 23 saturated 0.5 M H 2 SO 4 (D 2 SO 4 ), was used as a reference electrode [3] . 24 
VSF Spectroscopy

25
To collect VSF spectra we overlap infrared and visible laser pulses spatially and 26 temporally on the working electrode and measure the frequency dependent 27 intensity of the emitted sum frequency (SF) field. The laser system and optical 28 setup have been described in detail in our previous work [1] . For the experiments 29 described in the text of this paper the IR pulse was centered near 1300 cm −1 , 30 had a full width at half maximum (FWHM) of ≈ 300 cm −1 , was ≈ 100 fs in 31 length, and had a power of 3.6 mW controlled by a λ/2 plate and polarizer 32 combination just before the sample. We generated the 800 nm narrowband 33 upconversion pulse (VIS, 3.2 mW, FWHM of 5 cm −1 ) with a homebuilt pulse-34 shaper by dispersing 600 mW of the amplifier output on a grating and focusing 35 the dispersed beam on a slit. Unwanted frequencies were filtered out with a band 36 pass filter centered at 800 nm. The beams were focused onto the sample using 37 lenses with focal lengths of 100 and 500 mm and incident angles of 62 • ±0.5 and 38 45 • ±0.5 for the IR(KBr lens) and VIS(N-BK7 lens), respectively. After the sample 39 the emitted VSF signal was collimated with a 500 mm N-BK7 lens, dispersed 40 S2/S8 in a spectrograph (SR303i, Andor Technology) and imaged using an emICCD 41 camera (PI-MAX4, Princeton Instruments). All measurements were taken under 42 ambient conditions at room temperature with the ppp polarization condition 43 (p-polarized SF, p-polarized VIS, and p-polarized IR where p is polarization in 44 the plane of incidence). The acquisition time for a gold reference was 30 sec and 45 for the sample 10 sec. For every measurement, spectra were collected during 46 multiple voltrammetric scans at 2 mV/s. The spectra at identical potentials 47 during different voltammetric cycles did not differ from one another and were 48 later averaged. Spectra at identical potentials in the positive and negative going 49 scan of one voltammetric cycle were identical and suggest that the scan rate is 50 sufficiently slow to avoid mass transport limitations. Figure S1 shows the potential dependent VSF spectra of Pt(111) in D 2 SO 4 (D 2 O) 54 solution. As we show in Figure 2 of the main text, quantitatively similar spectra, 55 at a given potential, are observed in both H 2 SO 4 (H 2 O) and D 2 SO 4 (D 2 O). Figure S2 . The CVs clearly show 61 similar current features to that in the meniscus geometry (Figure 1a ) in the 62 main text. The small asymmetry in current in the positive and negative going 63 directions we take to be the result of reduction of a small amount of O 2 that 64 has diffused into the cell or trace contaminants from the dissolving CaF 2 cell 65 window. The smaller current in the anion desorption and adsorption region in 66 D 2 While the interface specificity of VSF spectroscopy means no subtraction is 71 necessary to account for the effect of IR absorption in bulk electrolyte before the 72 sample, such absorption can be reflected in the spectrum if a sufficient number 73 of photons are lost before reaching the interface: to generate an SF photon 74 an IR photon is required. Figure S3 shows that this effect is negligible in our 75 Figure S1 . Potential dependent VSF spectra of the adsorbed sulfuric acid anions in the 0.5 M D 2 SO 4 (D 2 O) system on a Pt(111) electrode; the green line indicates the potential limits for spectroscopic measurement. Note that the potential in this measurement is defined with respect to a D 2 saturated 0. Comparison of the two spectra, however, shows a ≈ 30% loss of intensity in the 77 spectra in D 2 O centered at ≈ 1240 cm −1 but that is quite broad. This loss in 78 intensity is the result of absorption of IR photons before the Pt electrode through 79 absorption by the D 2 O bend. In comparison, at 0.9 V, a clear resonant feature is 80 apparent both in D 2 O that is 8× larger in intensity and whose line shape is not 81 effected by the background. 
Frequencies from charged and uncharged models 83
In the simplified model we address theoretically it is necessary to decide whether 84 the adsorbate should be charged or neutral (we do not simulate the adsorption 85 of the anion at a defined potential and thus do not calculate the extent to which 86 the sulfuric acid derived anion discharges on adsorption). As discussed in the 87 main text we performed optimizations and calculated normal mode frequencies 88 for both the fully charged and fully discharged model. Because measurements of 89 electrosorption valency suggest the adsorbing anion is continuously discharged as 90 a function of potential in the 0.5 M H 2 SO 4 (H 2 O) system we report the structures 91 and frequencies of the charged model in the main text. Figure S4 shows the 92 S5/S8 normal mode frequencies for the uncharged anions adsorbed on the Pt(111) 93 surface. While the frequencies are blue shifted relative to those obtained for 94 charged anions (see Figure 3 in the main text) the trends for isotope exchange 95 are identical. It is thus clear that the degree of anion (dis)charging has little 96 effect on our principle conclusions. Arrows in the schemes in Figure S5 show the orientation of the transition dipole 100 moment of the calculated vibrational modes. Only the modes around 1250 cm −1 101 have transition dipole ment that is parallel to the surface normal, which can be 102 probed by VSFS. Figure S5 . Schemes show the corresponding orientation of the transition dipole moment of the modes calculated in Fig. 3 
